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(g) Electro-optical device and driving method for the same. 

(s?) A grey tone display and a driving method for 
the display are described. The display com- 
prises a light influencing layer, an electrode pad 
located adjacent to the layer at one side of the 
layer in order to define a pixel in the layer, an 
n-channel field effect transistor connected to 
the electrode pad at its source terminal, a p- 
channel field effect transistor connected to the 
electrode pad at its source terminal, a first 
control line connected to the drain terminal of 
the n-channel field effect transistor, a second 
control line connected to the drain terminal of 
the p-channel field effect transistor, a third 
control line connected to the gate terminals of 
the n-channel field effect transistor and the 
p-channel field effect transistor, and a control 
circuit for supplying control signals to the first, 
second and third control lines. By virtue of this 47' 
configuration, the voltage of the electrode pad 
can be arbitrarily controlled by adjusting the 
input levels at the gate terminals. 



FIG- 1 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a grey tone dis- 
play and a driving method for the same and, more par- 
ticularly though not exclusively to a display driving 
system utilizing complementary thin-film insulated- 
gate field effect transistors suitable for use in liquid 
crystal displays. 

Description of the Prior Art 

Active liquid crystal displays which are driven by 
thin-film transistors (TFTs) are well known in the art. 
Displays of this type comprise visual panels and 
peripheral circuits for driving the panels. A peripheral 
circuit is formed by attaching a single crystalline chip 
containing integrated circuits to a glass substrate by 
tab-bonding or COG (chip on glass). A visual panel 
comprises a plurality of pixels, each pixel being pro- 
vided with a driving TFT. The TFT is usually an n- 
channel FET formed within an amorphous or 
polycrystalline semi conductor film which is electrically 
coupled to a respective pixel. 

Fig. 1 is a diagram illustrating the equivalent cir- 
cuit of an exemplary liquid crystal display. The diag- 
ram shows only a 2 x 2 matrix for the sake of 
convenience of description, whereas ordinary liquid 
crystal displays commonly consist of much greater 
numbers of pixels for example a 640 x 480 pixel mat- 
rix, a 1260 x 960 pixel matrix and so on. The liquid 
crystal display includes a liquid crystal layer 42 dis- 
posed between a pair of glass substrates 1 1 and 1 V 
as shown in Fig. 2. Numeral 54 designates a polariz- 
ing plate. The inner surface of the glass substrate 1 1 ' 
is coated with a ground electrode 53. The inner sur- 
face of the other substrate 11 is provided with a 
plurality of conductive pads each constituting one 
pixel of the display. Each conductive pad is formed 
together with an n-channel FET 51 whose source is 
electrically connected to the corresponding pad. The 
drains of all the FETs in the same row of the matrix are 
connected to a common control line for the row to 
which control signals are supplied from a row driver 
47. The gates of all the n-channel FETs in the same 
column are connected to a common control line for the 
column to which control signals are supplied from a 
column driver 46. 

In operation of the thus described display, the col- 
umn driver 46 supplies control signals of a high volt- 
age level to selected columns to turn on the TFTs of 
those columns. There are, however, undesirable 
cases in which the switching action of the TFTs can- 
not sufficiently be carried out so that the output volt- 
age of the TFT (i.e. the input to the pixel) does not 
reach a predetermined high voltage level (e.g. 5V), or 
the output voltage does not drop sufficiently to reach 



a predetermined low voltage level (e.g. 0V). This is 
because of the asymmetrical characteristics of the 
TFTs. Namely, the charging action on the liquid crys- 
tal layer takes place in a dissimilar manner to the dis- 

5 charging action therefrom. Furthermore, since the 
liquid crystal layer is intrinsically insulating, the liquid 
crystal voltage (VLC) floats when the TFT is turned 
off. The amount of electric charge accumulated on the 
liquid crystal layer which is equivalent to a capaci- 

w tance, determines the VLC. The accumulated charge, 
however, will leak through a channel resistance RSD 
which may be formed by dust or ionized impurities or 
through the liquid crystal itself whose resistance RLC 
44 may occasionally be reduced. For this reason, VLC 

15 sometimes becomes at an indeterminate intermediate 
voltage level. In the case of a display panel having 
from, say, two hundred thousand to 5 million pixels, a 
high yield cannot be expected in such a situation. 
Also, in conventional driving methods, the liquid 

20 crystai material to which control voltages are applied 
are subjected to an average electric field in one direc- 
tion during operation. The electric field tends to cause 
electrolysis when continuously used. Because of this, 
the aging of the liquid crystal material is accelerated 

25 and the working life of the display is reduced. 

Furthermore, it has been difficult to realize grey 
tone displays without a complicated structure, cap- 
able of arbitrarily displaying a variety of visual images 
in various shades of grey. 

30 

OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a grey tone display and a driving method for the same 
35 which is capable of demonstrating clear visual 
images. 

It is another object of the present invention to pro- 
vide a grey tone display and a driving method for the 
same which is capable of accurate operation. 

40 It is a further object of the present invention to pro- 

vide a grey tone display and a driving method for the 
same which is capable of arbitrarily displaying a var- 
iety of visual images in various shades of grey. 

To achieve the foregoing and other objects, the 

45 present invention, in one of its aspects, provides a dis- 
play which comprises a light influencing medium, 
electrodes defining a plurality of pixels in the medium, 
and a control circuit for supplying control signals to the 
electrodes, the control circuit supplying the control 

so signal to each pixel through a switching element 
which comprises at least one complementary transis- 
tor pair connected between a low voltage level and a 
high voltage level. By use of complementary transis- 
tors, the voltage level of each pixel during its oper- 

55 ation can be prevented from fluctuating. 

More particularly, the complementary transistors 
are coupled in series at their source terminals to form 
the output terminal of the complementary transistor 
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pair. The input terminal of the complementary transis- 
tor pair is formed by their gate terminals being coupled 
to each other. By virtue of this construction, when the 
complementary transistors are connected between a 
suitable high voltage and a suitable low voltage, the 5 
output terminal of the complementary transistor pair is 
brought to the input voltage level at its gate terminals 
from which the threshold voltage is subtracted. 
Accordingly, the voltage applied to the light influenc- 
ing medium can be arbitrarily adjusted by regulating 10 
the input voltage level resulting in visual images cap- 
able of various shades of grey. This is particularly 
appropriate for light influencing mediums comprising 
dispersion type liquid crystals whose thresholds may 
take a certain range of values. 15 

In typical driving methods, a display of this type 
is driven by applying control signals in the form of 
pulses to conductive pads. The light influencing 
medium is disposed between the conductive pads 
and a back electrode. The back electrode is supplied 20 
with an alternating voltage in order to make the aver- 
age voltage applied to the light influencing medium 
equal to zero volts. 

in a typical example, the present invention is 
applied to the field of liquid crystal displays (LCDs). 25 
Each pixel of the display is provided with a switching 
element comprising complementary thin-film field 
effect transistors which forcibly pull or push the volt- 
age level of the liquid crystal layer to a definite high 
or low value rather than leaving it in a floating state. 30 
Of course, the present invention can also be 
implemented with a variety of other types of transistor, 
such as staggered types, coplanar types, inverted 
staggered types and inverted coplanar types. The 
channel regions of the transistors may be doped by 35 
the introduction of a suitable impurity which reduces 
the photosensitivity of the transistors, in order to elimi- 
nate the undesirable influence of incident light. When 
the control transistors of a driver for supplying control 
signals to the switching transistors are formed also on 40 
the same substrate at its peripheral position where no 
light is incident they are not spoiled by the impurity. 
In such a case, two types of transistors are formed on 
the substrate, one being doped and the other not 
being doped and having a carrier mobility 2 to 4 times 45 
greater than that of the spoiled transistors. 

The above and further features of the present 
invention are set forth with particularity in the appen- 
ded claims and will become clear to those possessed 
of appropriate knowledge and skills from consider- so 
ation of the following description given with reference 
to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Fig. 1 is a schematic diagram showing the equiv- 
alent circuit of a prior art liquid crystal display; 
Fig. 2 is a cross-sectional schematic view show- 



ing the general configuration of a prior art liquid 
crystal display; 

Fig. 3 is a schematic diagram showing the equiv- 
alent circuit of a liquid crystal display in accord- 
ance with a first embodiment of the present 
invention; 

Figs. 4(A), 4(B) and 4(C) are plan and cross-sec- 
tional schematic views showing the liquid crystal 
display illustrated in Fig. 3; 
Figs. 5(A) and 5(B) are explanatory diagrams 
demonstrating operation of the liquid crystal dis- 
play in accordance with the first embodiment; 
Fig. 6 is a schematic view showing a system suit- 
able for manufacturing thin-film field effect semi- 
conductor transistors in accordance with the 
present invention; 

Fig. 7(A) is a schematic view showing a planar 
type magnetron RF sputtering apparatus of the 
system illustrated in Fig. 6 suitable for use in 
depositing oxide and semiconductor films; 
Fig. 7(B) is an explanatory diagram showing the 
arrangement of magnets provided in the 
apparatus illustrated in Fig. 7(A); 
Figs. 8(A) to 8(F) are cross-sectional schematic 
views showing a method of manufacturing thin- 
film field effect semiconductor transistors suitable 
for the first embodiment of the present invention; 
Fig. 9(A) is a schematic diagram showing the 
equivalent circuit of a liquid crystal display in 
accordance with a second embodiment of the 
present invention; 

Fig. 9(B) is a schematic plan view showing the 
liquid crystal display illustrated in Fig. 9(A); 
Fig. 10(A) is a schematic diagram showing the 
equivalent circuit of a liquid crystal display in 
accordance with a third embodiment of the pre- 
sent invention; 

Fig. 10(B) is a schematic plan view showing the 
liquid crystal display illustrated in Fig. 10(A); 
Fig. 11 is a schematic diagram showing the equiv- 
alent circuit of a liquid crystal display in accord- 
ance with a fourth embodiment of 'the present 
invention; 

Fig. 12 is an explanatory diagram showing the 
signals involved in the operation of the com- 
plementary transistors of the liquid crystal display 
in accordance with the fourth embodiment; 
Fig. 13 is a signal timing diagram demonstrating 
the operation of the liquid crystal display in 
accordance with the fourth embodiment of the 
present invention; 

Fig. 14 is a schematic diagram showing the equiv- 
alent circuit of a liquid crystal display correspond- 
ing to Fig. 13 in accordance with the fourth 
embodiment of the present invention; 
Fig. 1 5 is a schematic diagram showing the equiv- 
alent circuit of a liquid crystal display in accord- 
ance with a fifth embodiment of the present 
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invention; 

Fig. 16 is a signal timing diagram demonstrating 
the operation of the liquid crystal display in 
accordance with the fifth embodiment of the pre- 
sent invention; 

Fig. 1 7 is a schematic diagram showing the equiv- 
alent circuit of a liquid crystal display in accord- 
ance with a sixth embodiment of the present 
invention; and 

Fig. 18 is a signal timing diagram demonstrating 
operation of the liquid crystal display in accord- 
ance with the sixth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Fig. 3 is a diagram illustrating the equivalent cir- 
cuit of a liquid crystal display in accordance with a first 
embodiment of the present invention. The diagram 
shows only a 2 x 2 matrix for the sake of convenience 
of description, whereas ordinary liquid crystal dis- 
plays commonly consist of much greater numbers of 
pixels such as a 640 x 480 matrix or a 1260 x 960 mat- 
rix. The liquid crystal display includes a liquid crystal 
layer 42 disposed between a pair of glass substrates 
11 and 11' as shown in Fig. 2. The inner surface of the 
glass substrate 11' is coated with an electrode 53. 
The inner surface of the other substrate 1 1 is provided 
with a plurality of conductive pads 37b each constitut- 
ing one pixel of the display as seen from Fig. 4(A). The 
dashed line encloses one pixel in the figure. Each 
conductive pad 37b is formed on the substrate 
together with two CMOS transistors, namely an n- 
channel FET 51 and a p-channel FET 41, whose sour- 
ces 34b' and 34b are electrically connected with the 
corresponding pad 37b. The drains of all the n-chan- 
nel CMOS FETs on the same row are connected with 
a VDD line 48 of the row. The drains of the p-channel 
CMOS FETs on the same row are connected with a 
VSS line 49 of the row. The gates of all the p-channel 
and n-channel CMOS FETs on the same column are 
connected with a VGG line of the column. The VSS 
and the VDD lines are connected to a row driver 47 
and supplied with control signals therefrom. The VGG 
lines 52 are connected to a column driver 46 and sup- 
plied with control signals therefrom. The column 
driver 46 and the row driver 47 are formed on the pro- 
jected end of the glass substrate 11 as will be under- 
stood from the illustration of Fig. 2. 

When a TN liquid crystal material is used, the dis- 
tance between the substrates is selected to be about 
10 ^m and both the inner surfaces of the substrates 
are provided with orientation control films which are 
given a suitable rubbing treatment When a ferroelec- 
tric liquid crystal (FLC) material is used, the distance 
between the substrates is selected to be about 1 .5 to 
3.5 um, e.g. 2.3 ujti and only one of the inner surfaces 



(the surface of the ground electrode) is provided with 
an orientation control film given a suitable rubbing 
treatment. The driving voltage is ±20V. When a liquid 
crystal material of dispersion type or a polymeric 

5 liquid crystal material is used, the distance between 
the substrates is selected to be about 1 .0 to 10.0 urn, 
e.g. 2.3 urn f and no orientation control film is neces- 
sary. The driving voltage is ±10 to ±15V. In this case, 
polarization plates are also unnecessary and theref- 

10 ore the amount of available light can be relatively 
increased in either transmission or reflective types of 
LCD. Accordingly, whereas the liquid crystal layer 
possesses no threshold voltage, a large contrast in 
displayed images may be realized and undesirable 

15 cross- talk may be effectively prevented by the use of 
complementary TFTs which provide a definite 
threshold voltage. 

The operation of the complementary transistors 
will now be explained with reference to Fig. 5(A) and 

20 5(B). Let the VDD line and the VSS line be +10V and 
-10V respectively. The n-channel transistor 51 is tur- 
ned on and the p-channel transistor 41 turned off 
when a positive voltage VGG is applied to the gate ter- 
minals 40 and 40' as illustrated in Fig. 5(A). This out- 

25 put condition continues until the source voltage level 
reaches VGG-Vth. Namely, the n-channel transistor is 
turned off when the effective gate voltage (the gate 
voltage relative to the source voltage) becomes less 
than the threshold voltage Vth. Of course, the n-chan- 

30 nel transistor always supplies electric charge to the 
source terminal in order to maintain the source volt- 
age level at that level and to cope with current leakage 
from the source terminal. Accordingly, the source ter- 
minal, i.e. the output level of the complementary tran- 

35 sistors is fixed to the VGG- Vth level so that the output 
level can be controlled by the input gate signal. 

Conversely, the n-channel transistor 51 is turned 
off and the p-channel transistor 41 turned on when a 
negative voltage VGG is applied to the gate terminals 

40 40 and 40/ as illustrated in Fig. 5(B). this output con- 
dition continues until the source voltage level falls to 
VGG-Vth. Namely, the p-channel transistor is turned 
off when the effective gate voltage (the gate voltage 
relative to the source voltage) becomes lower in mag- 

45 nitude than the threshold voltage Vth. Of course, the 
n-channel transistor always discharges the source 
terminal in order to maintain the source voltage level 
at that level and to cope with current leakage from the 
source terminal. Accordingly, the source terminal, te. 

so the output level of the complementary transistors is 
fixed to the VGG-Vth level so that the output level can 
also be controlled by the input gate signal. 

Referring now to Fig. 6, Figs. 7 (A) and 7 (B) and 
Figs. 8 (A) to 8 (F), a method of manufacturing CMOS 

55 insulated-gate field effect transistors 41 and 51 in 
accordance with a first embodim nt of the present 
invention will now b explained. Fig. 6 is a schematic 
view showing a multi-chamber sputtering system for 
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depositing semiconductor and oxide films by magnet- 
ron RF sputtering. The system comprises a loading 
and unloading chamber 1 provided with a gate valve 
5, a subsidiary chamber 2 connected to the loading 
and unloading chamber 1 via a gate valve 6, and first 
and second individual sputtering apparatuses 3 and 4 
respectively connected to the subsidiary chamber 2 
through gate valves 7 and 8 respectively. The loading 
and unloading chamber 1 is provided with an evacu- 
ation system 9 comprising a rotary pump and a tur- 
bomolecular pump coupled in series. The subsidiary 
chamber 2 is provided with a first evacuation system 
10a for roughing comprising a rotary pump and a tur- 
bomolecular pump in series, a second evacuation 
system 10b for high vacuum evacuation comprising a 
cryosorption pump and a heater 10c located in the 
subsidiary chamber 2 in order to heat the substrates 
to be coated. If substrates to be coated are thermally 
stabilized in advance by being heated in the sub- 
sidiary chamber 2, their thermal distortion and stress 
caused in films during deposition can be reduced 
thereby improving the adhesion of the films to the sub- 
strates. 

The sputtering apparatuses 3 and 4 are individual 
planar type magnetron RF sputtering apparatuses 
suitable for exclusive use in depositing oxide films and 
semiconductor films respectively when used in 
accordance with the present invention. Figs. 7(A) and 
7(B) illustrate details of the RF sputtering apparatus. 
The apparatus comprises a vacuum chamber 20, a 
first evacuation system 12-1 for roughing consisting of 
a turbomolecular pump 12b and a rotary pump 12d 
provided with valves 12a and 12c respectively, a sec- 
ond evacuation system 12-2 for high vacuum evacu- 
ation comprising a cryosorption pump 12e provided 
with a valve 12f, a metallic holder 13 fixed in the lower 
section of the vacuum chamber 20 for supporting a 
target 14 thereon, the holder being formed with an 
inner conduit 13a through which a coolant can be 
caused to flow to cool the target 14 and being pro- 
vided with a plurality of magnets 13b such as perma- 
nent magnets, an energy supply 15 consisting of an 
RF (e.g. 13.56MHz) source 15a provided with a 
matching box 15b for supplying RF energy to the hol- 
der 13, a substrate holder 1 6 located in the upper sec- 
tion of the vacuum chamber 20 for supporting a 
substrate 11 to be coated, a heater 16a embedded in 
the substrate holder 16, a shutter system 17 located 
between the substrate 1 1 and the target 14, and a gas 
supply system 18. A sealing means 19 is also pro- 
vided for ensuring that the vacuum chamber 20 
remains airtight In advance of actual deposition on 
the substrate 11, impurities occurring in the targets 
are sputtered out and deposited on the shutter 17 
which is positioned between the substrate 1 1 and the 
target 14, and then the shutter is removed in order to 
enable normal deposition to be effected on the sub- 
strate 11. The magnets 13b are ori nted with their N 



poles at their upper ends and their S poles at their 
lower ends and are horizontally arranged in a circle as 
illustrated in Fig. 7(B) in order to confine electrons 
within a sputtering region between the substrate 11 

5 and the target 14. 

Referring now to Figs. 8(A) to 8(F) together with 
Fig. 6 and Figs. 7(A) and 7(B), a method of manufac- 
turing thin-film field effect transistors 41 and 51 in 
accordance with the first preferred embodiment of the 

10 invention will now be described in detail. This exem- 
plary method is carried out with a multi-chamber 
apparatus suitable for mass-production. However, the 
method is applicable to similar processes utilizing 
separate chambers without substantial modification. 

15 Ten sheets of glass substrate are mounted on a cas- 
sette and placed in the loading. and unloading cham- 
ber 1 through the gate valve 5. The substrates may be 
made from an inexpensive glass which can endure 
thermal treatment at high temperatures up to 700°C, 

20 e.g. 600°C, such as NO glass manufactured by Nip- 
pon Electric Glass Co. Ltd., LE-30 glass manufac- 
tured by Hoya Co. or VYCOR glass manufactured by 
Corning Corp. After adjusting the inner conditions of 
the loading and unloading chamber 1 and the sub- 

25 sidiary chamber 2 to be equivalent, the cassette is 
transported from the loading and unloading chamber 
I into the subsidiary chamber 2 through the gate valve 
6. One of the glass substrates is positioned in the first 
magnetron RF sputtering apparatus as shown in Fig. 

30 7(A) by means of a transportation mechanism (not 
shown) and coated with a Si0 2 film 32 as a blocking 
film to a thickness of 10Q0A to 3000A. The conditions 
under which this deposition is carried out are given as: 
an atmosphere of 100% oxygen; a total atmospheric 

35 pressure of 0.5 Pa; a substrate temperature of 1 50°C; 
and a power output of 400W to 800W from the 13.56 
MHz RF apparatus. The target is composed of a 
single crystalline silicon or a quartz block and the dep- 
osition speed is 30 to 100 A/min. The coated substrate 

40 is then exchanged for one of the remaining substrates 
and this is subsequently coated with a Si0 2 film in the 
same manner. This process is repeated until all the 
substrates mounted on the cassette are coated with 
a S1O2 film. During this procedure, the transportation 

45 of a substrate between the subsidiary chamber 2 and 
the sputtering apparatus 3 has to be carried out after 
adjusting the pressures and the inner atmospheres of 
the chambers 2 and 3 to be equivalent, so as to elimi- 
nate undesirable impurities. 

50 An amorphous silicon film 33 is next deposited in 

the second sputtering apparatus 4 on the SiOa film 32 
to a thickness of from 500 nm to 1 um, e.g. 2000A. The 
total density of oxygen, carbon and nitrogen in the 
amorphous film is preferably between 5 x 10 20 to 5 x 

55 lO^crrr 3 in order to eliminate the undesirable influ- 
ence of incident light on th chann I region of the tran- 
sistor by reducing its photosensitivity. The 
photosensitivity of the channel can alternatively be 
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reduced by introducing a spoiling impurity selectively 
into the channel. In this case, it is desirable that the 
total density of oxygen, carbon and nitrogen in the 
amorphous film does not exceed 7 x lO^crrr 3 , and 
preferably that it does not exceed 1 x lO^crrr 3 . Such 
a low density makes it easy to recrystallize the source 
and the drain to be formed in the silicon film in a later 
step by thermal treatment For the formation of the sili- 
con film 33, the ten substrates are placed into the sec- 
ond sputtering apparatus 4 one after another from the 
subsidiary chamber 2 in the same manner as des- 
cribed previously and an amorphous silicon film is 
deposited on each substrate. The transportation of 
each substrate between the second sputtering 
apparatus 4 and the subsidiary chamber 2 is carried 
out after adjusting the pressures and the inner atmos- 
pheres of the chambers 2 and 4 in order to eliminate 
undesirable impurities. This procedure is generally 
employed when it is desired to transport the subs- 
trates between any two adjacent chambers, even if 
not particularly described hereinbelow. The atmos- 
phere in the second sputtering apparatus 4 comprises 
a mixture consisting of hydrogen and argon so that the 
partial pressure of hydrogen is given as H 2 /(H2 + Ar) = 

0. 8 (0.2 to 0.8 in general). The hydrogen and argon 
gases desirably have purities of 99.999% and 99.99% 
respectively and are introduced after the inside of the 
second sputtering apparatus 4 is evacuated to a 
pressure not higher than 1 x 10- 5 Pa. Deposition is 
carried out under a total atmospheric pressure of 0.5 
Pa with the output power of the 13.56 MHz RF 
apparatus at 400W to 800W using a target composed 
of single crystalline silicon desirably containing 
oxygen atoms at a concentration of no greater than 5 
x lO^rrr 3 (typically 1 x lO^cnr^and with the substrate 
temperature (deposition temperature maintained at 
150°C by use of the heater 16a. In the preferred 
embodiments, the hydrogen proportion in the mixture 
may be chosen to be between 5% and 1 00%, the dep- 
osition temperature between 50°C and 500°C (typi- 
cally 150°C) and the output power of the RF 
apparatus between 1W and 10MW in a frequency 
range from 500Hz to 1 000Hz which in addition may be 
combined with another pulsed energy source. 

Alternatively, the amorphous silicon film 33 may 
be deposited by low-pressure CVD (LPCVD) or 
plasma CVD. In the case of LPCVD, the deposition is 
carried out by introducing disitane (S^He) or trisilane 
(Si 3 H 8 ) in a suitable CVD chamber. The deposition 
temperature is selected to be 100°C to 200°C lower 
than the re crystallization temperature of the silicon, 

1. e. 450°C to 550°C, for example 530°C. The deposi- 
tion speed is 50 to 200A/min. Boron may be intro- 
duced at a density of 1 x lO^crrr 3 to 1 x lO^rrr 3 into 
the film by using diborane as a dopant gas together 
with the silane in order to make the threshold voltages 
of N-type and P-type TFTs even. In the case of 
plasma CVD. the deposition is carried out by introduc- 



ing monosilane (SiH 4 ) or disilane (Si 2 H Q ) at 300°C in 
a suitable plasma CVD chamber, the input energy is 
for example high-frequency electric energy at 
13.56MHz. 

5 The oxygen density of the semiconductor film is 

preferably no higher than 5 x Wcnr 3 because if the 
oxygen density is too high, thermal treatment has to 
be carried out at a high temperature for a long period 
of time in order to sufficiently recrystallize the semi- 

10 conductor film in a later step. The oxygen density, 
however, must not be too low because leakage cur- 
rent in the off condition of the TFT increases in res- 
ponse to a back light which may be provided in the 
liquid crystal display if a particular spoiling impurity is 

is not used. For this reason, the oxygen density is selec- 
ted between 4 x 10 19 and 4 x lO^crrr 3 . It was confir- 
med by SIMS (secondary ion mass spectroscopy 
analysis) that a hydrogen impurity was present in this 
structure at a density of 4 x lO^crrr 3 which is equiv- 

20 alent to one atom % assuming the density of silicon 
to be 4 x 1 0^rrr 3 . This density figure was a minimum 
value for hydrogen which varied along the depth 
direction. The reason why such a minimum value was 
used is because a natural oxide existed at the surface 

25 of the semiconductor film. If it is desired to dope the 
channel region, oxygen may be introduced as a spoil- 
ing agent to a portion of the semiconductor film to be 
a channel region to a density of 5 x 1 0 20 to 5 x 1 0 21 crrr 3 
after the deposition of the semiconductor film. In this 

30 case, the deposition of the semiconductor film can be 
carried out in order that the total density of oxygen in 
the semiconductor film does not exceed 7 x 
lO^crrr 3 , preferably that it does not exceed 1 x 
1 0^crrr 3 . Such a low density makes it easy to recrys- 

35 tallize the source and drain regions of the semicon- 
ductor film in a later step by thermal treatment In this 
case, when TFTs for the peripheral circuits which are 
located so as not to be exposed to any illumination are 
formed at the same time, the mobility of these TFTs 

40 can be increased, because the introduction of oxygen 
is prevented, resulting in a high speed of operation. 

After all the substrates are coated with the silicon 
oxide and amorphous silicon semiconductor films, 
thermal treatment is given thereto in the subsidiary 

45 chamber 2 by means of the heater 1 0c at an operating 
temperature in the range 450°C to 700°C (typically 
600°C) for a period of 12 to 70 hours using a non- 
oxidizing atmosphere, e.g. hydrogen. The film is rec- 
rystallized by this treatment (thermal annealing) and 

so forms a semi-amorphous or semi-crystalline struc- 
ture. 

Next, the mechanism for the formation of 
semiamorphous or semi-crystalline semiconductor 
material in accordance with the present invention will 
55 be explained. When sputtering a single crystalline sili- 
con target in a mixture of hydrogen and argon, high- 
energy heavy argon atoms collide with the surface of 
the target and dislodge therefrom clusters each con- 
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taining several tens to several hundreds of thousands 
of silicon atoms, which are finally deposited on the 
substrate to be coated. These clusters pass through 
the mixture of gases in advance of the deposition on 
the substrate and react with hydrogen atoms at their 5 
external surfaces in order to terminate open ended or 
dangling bonds. Accordingly, when deposited on the 
substrate, the dusters comprise internal amorphous 
silicon and external ordered silicon including Si-H 
bonds. The Si-H bonds react with other SI-H bonds 10 
and are converted to"Si-Si bonds by thermal treatment 
in the temperature range 450°C to 700°C in a non- 
oxidizing atmosphere. This coupling of adjacent sili- 
con atoms (Si-Si) functions to let adjacent clusters be 
attracted to each other, whereas without thermal 15 
treatment these clusters have a tendency to convert 
their states to more ordered states (partial recrystalli- 
zation). As a resultof adjacent combinations, the crys- 
talline structure of these clusters is given lattice 
distortion and the peak of its Raman spectra (522crrr 1 : 20 
the peak of single crystalline silicon) is displaced in 
the low-frequency direction. The apparent grain 
diameter calculated on the basis of half-width is in the 
range 50A to 500A which seems to Indicate the exist- 
ence of microcrystals. 25 

The energy bands of the clusters are connected 
through the Si-Si bonds thereby anchoring the clus- 
ters at the interfaces therebetween. For this reason, 
the polycrystaliine (semi-amorphous or semi-crystal- 
line) structure of silicon in accordance with the pre- 30 
sent invention, is entirely different than usual 
polycrystals in which grain boundaries provide bar- 
riers against carrier transportation, so that the carrier 
mobility of the polycrystaliine silicon can be of the 
order of 1 5 to 300 cm 2 /Vsec (electron mobility) and 1 0 35 
to 200 cmWsec (hole mobility). Therefore, the semi- 
amorphous or semi-crystalline structure in accord- 
ance with the present invention can be considered 
substantially not to include undesirable grain bound- 
aries. However, if the semiconductor is subjected to 40 
high temperatures of 1 000°C or higher rather than the 
relatively low temperatures of 450°C to 700°C, latent 
oxygen atoms come to appear at the boundaries be- 
tween the clusters and form barriers as in some of the 
prior art techniques. The carrier mobility can be 45 
improved by increasing the strength of the anchoring 
between the clusters. For this purpose, the oxygen 
density in the semiconductor film is decreased to 7 x 
10 19 crrr-3 desirably to 1 x lO^crrr 3 . 

The amorphous silicon semiconductor film 33 is 50 
patterned by means of a photomask as indicated by 
<3) in Fig. 8(A) to leave areas 33 and 33' which are 
necessary to form N-channel and P-channel transis- 
tors. After all the substrates are coated with the silicon 
oxide and the amorphous silicon semiconductor film 55 
and patterned as described above, th substrates are 
placed again in the first sputtering apparatus 3. The 
entire structure is then coated with a silicon oxide film 



35 of a thickness of 500A to 2000A, e.g. 1000A, by 
sputtering in an oxide atmosphere as illustrated in Fig. 
8(B). The deposition condition is the same as that for 
the silicon oxide film 32 as explained above. The 
characteristics at the interface between the silicon 
oxide film 35 and the underlying semiconductor film 
33 can be improved by applying ultraviolet radiation 
to implement ozone oxidation. Namely, the interface 
states can be decreased by utilizing photo-CVD in 
combination with the sputtering explained in the des- 
cription of deposition of the oxide film 32. Alterna- 
tively, fluorine may be introduced In this deposition in 
order to fix sodium ions. In this case, the atmosphere 
comprises a high density of oxygen (95%) including 
NF 3 (5%) at a total atmospheric pressure of 0.5 Pa, 
the output power of the 13.56 MHz RF apparatus is 
400W, a target composed of a single crystalline sili- 
con or an artificial quartz is used and the substrate 
temperature is maintained at 100°C. By this pro- 
cedure, the silicon oxide film 35 for the gate insulating 
film includes fluorine atoms which function to termi- 
nate open ended or dangling bonds of silicon atoms 
so that the formation of fixed charge can be prevented 
at the interface between the semiconductor films 33 
and 33' and the oxide film 35. A silicon semiconductor 
film of 0.2 um thickness which is highly doped with 
phosphorus at a density of 1 x 10 21 to 5 x 1 0^crrr 3 is 
deposited by low-pressure CVD on the silicon oxide 
film 35 followed, if desired, by the coating of a single 
conductive film of 0.3 um thickness made of molyb- 
denum or tungsten or a multiple conductive film com- 
prising the single conductive film previously described 
and a MoSi0 2 or WSi02 film. The semiconductor film 
coated with the single or multiple conductive film is 
then patterned by photolithography with a suitable 
mask as shown in Fig. 8(B) at® in order to form gate 
electrodes 40 and 40'. 

A photoresist film 27' is formed by the use of a 
photomask as shown in Fig. 8(C) at ® in order to 
cover the semiconductor film 33'. Using the gate elec- 
trode 40 and the photoresist film 27', self-aligned 
impurity regions, i.e. a source and a drain region 34a 
and 34b are formed by ion implantation of boron at a 
density of 1 x lO^crrr 2 to 5 x 10 i5 crrr 2 . The resultant 
intermediate region 28 of the silicon semiconductor 
film 33 between the impurity regions 34a and 34b is 
then defined as a channel region as illustrated in Fig. 
8(C). After removing photoresist film 27', another 
photoresist film 27 is formed by the use of a photom- 
ask (D in order to cover the semiconductor film 33. 
Using the gate electrode 40/ and the photoresist film 
27', self aligned impurity regions; i.e. a source and a 
drain region 34b' and 34a' are formed by ion implan- 
tation of phosphorus at a density of 1 x 10 15 crrr 2 to 5 
x 10 15 cm- 2 . The resultant intermediate region 28' of 
the silicon semiconductor film 33 between th 
impurity regions 34a' and 34b' is then defined as a 
channel region as illustrated in Fig. 8(D). The channel 
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lengths of the p-channel and n-channel transistor are 
1 0 fj.m respectively. The channel widths of the p-chan- 
nel and n-channel transistor are 20 u.m respectively. 
The ion implantation may instead be carried out by 
selectively removing the silicon oxide film 35 by the 
use of the gate electrode 40 or 40' as a mask followed 
by direct ion implantation of boron or phosphorus. 

After removing the photoresist 27, the channel 
regions are subsequently thermally annealed at 
600°C for 10 to 50 hours in an atmosphere of hydro- 
gen to make the impurities in the drain and source reg- 
ions active. An intertayer insulating film 37 of silicon 
oxide is deposited to a thickness of 0.2 to 0.6 \xm by 
the same sputtering method as described above over 
the entire surface of the structure, followed by etching 
by means of a photomask (§) for opening contact 
holes 39 through the intertayer insulation film 37 and 
the oxide film 35 in order to provide access to the 
underlying source and drain regions 34b, 34a, 34b' 
and 34a'. The deposition of the intertayer insulating 
film 37 may be carried out by LPCVD, photo-CVD, or- 
dinal-pressure CVD (TEOS-ozone). Next, an alumi- 
nium film of 0.5 to 1 urn thickness is deposited on the 
structure over the contact holes 39 and is patterned 
to form source and drain electrodes 36b, 36a, 36b' 
and 36a' by means of a photomask ® as illustrated 
in Fig, 8(F). An organic resin film 39 such as a trans- 
parent polyimide film is coated over the structure to 
provide a planar surface and patterned by means of 
a photomask ® to provide access to the source elec- 
trodes 36b and 36b'. This is then followed by the for- 
mation of lead electrode 37 made of a transparent 
conductive material such as indium tin oxide (ITO) 
which is to be electrically connected with the pad 37b. 
The ITO film is deposited by sputtering at room tem- 
perature to a temperature of 1 50°C followed by anne- 
aling in an oxidizing atmosphere (O2) or in air at a 
temperature of 200°C to 400°C. The pad 37b can be 
formed at the same time by the deposition of the lead 
electrode 37. Then, the formation of the CMOS tran- 
sistors is completed. 

The mobility and the threshold voltage of the p- 
channel TFT are 20 cmWs and -5.9 V respectively. 
The mobility, the threshold voltage of the n-channel 
TFT are 40 cmWs and 5.0 V respectively. The glass 
substrate provided with these CMOS transistors 
incorporating suitable conductive patterns as illus- 
trated, is joined with a counterpart glass substrate 
provided with a ground electrode located throughout 
its entire inner surface which followed by the injection 
of a liquid crystal material between these two subs- 
trates. One of the advantages of the above process is 
that the formation of these transistors (spoiled and not 
spoiled) can be carried out at temperatures no higher 
than 700°C so that the process does not require the 
use of expensive substrates such as quartz subs- 
trates and is therefore suitable for large scale LCD 
production methods. 



In the above embodiment, thermal annealing is 
carried out twice at the steps corresponding to Figs. 
8(A) and 8(D). The first annealing (Fig. 8(A)), how- 
ever, can be omitted to shorten the process time 

5 because of the subsequent second annealing. 

Referring to Figs. 9(A) and 9(B), CMOS thin-film 
field effect transistors in accordance with a second 
preferred embodiment of the present invention will 
now be described. In this embodiment, two pairs of 

10 complementary CMOS transistors 51-1 with 41-1 and 
51-2 with 41 -2 are connected in parallel to the conduc- 
tive pad 37b for each pixel (as enclosed by the dashed 
line) at their source electrodes. These CMOS transis- 
tors are manufactured using the steps explained 

15 above in conjunction with the first embodiment except 
for the fact that the number of transistors is doubled. 
Similar elements are given similar numerals as in the 
first embodiment. The electrode pads 37b have to be 
deposited on the VGG line by use of a suitable insulat- 

20 ing film therebetween. The electrical operation is sub- 
stantially the same as that of the first embodiment. 
Accordingly, two identical individual switching ele- 
ments are prepared corresponding to one pixel so that 
if the operation of one of them is at fault, the operation 

25 of the information display can be maintained by eradi- 
cating the faulty element by laser radiation without 
affecting the remaining CMOS transistors. For this 
reason, the conductive transparent pads are formed 
so as not to cover these TFTs. 

30 Referring to Figs. 10(A) and 10(B), CMOS thin- 

film field effect transistors in accordance with a third 
preferred embodiment of the present invention will 
now be described. Also in this embodiment, two pairs 
of complementary CMOS transistors 51-1 with 41-1 

35 and 51-2 with 41-2 are connected in parallel to an 
electrode pad 37b for each pixel at their source elec- 
trodes. The electrode pad 37b, however, is separated 
into two portions 37b-1 and 37b-2 each independently 
connected to a corresponding one of the two CMOS 

40 transistors. These CMOS transistors are manufac- 
tured using the steps explained above in conjunction 
with the first embodiment except for the fact that the 
number of transistors is doubled. Similar elements are 
given similar numerals as in the first embodiment. 

45 Then, each pixel comprises two individual sub-pixels. 
In accordance with this embodiment, even if the oper- 
ation of one of the sub-pixels Is faulty, the other sub- 
pixel can support the operation of the pixel and 
therefore the deterioration of grey scales is substan- 

50 tially decreased. 

As described above, there are the following 
advantages in accordance with the above embodi- 
ments of the present invention: 

1 ) VisuaJ images can be constructed in a variety 
55 of grey shades; 

2) The voltage across the liquid crystal layer is 
stably fixed at a determinate level in accordance 
with the output signal from the complementary 
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transistors rather than being in an indeterminate 
floating condition; 

3) Margins for operational fluctuation are 
broadened; 

4) Even if some TFTs are faulty, the operation of 
the embodiment is not prejudiced; 

5) The increase of the number of photomasks 
used due to the employment of complementary 
transistors is limited to only two (photomask (§) 
and @) as compared with conventional cases 
utilizing only n-channeJ TFTs; and 

6) Since semi-amorphous or semi-crystalline 
semiconductors are used in place of amorphous 
semiconductors and the carrier mobaity is 
increased by a factor of ten or more, the size of 
the TFT is substantially reduced so that only a 
slight decrease of the aperture ratio is necessary 
even when two TFTs are formed in one pixel. 
Fig. 1 1 is a diagram illustrating the equivalent cir- 
cuit of a liquid crystal display in accordance with a 
fourth embodiment of the present invention. The pixel 
configuration as shown in Fig. 4 can be applied also 
for this embodiment. The diagram shows only a 2 x 2 
matrix for convenience of description whereas ordi- 
nary liquid crystal displays consist of much greater 
numbers of pixels such as a 640 x 480 matrix or a 
1260 x 960 matrix. The liquid crystal display includes 
a liquid crystal layer 42 disposed between a pair of 
glass substrates 11 and 11' in the same manner as 
the first embodiment as shown in Ftg. 2. The entirety 
of the inner surface of the glass substrate 11' is 
coated with a back electrode 53. In this embodiment, 
however, the electrode 53 is not grounded but rather 
is supplied with an offset voltage in accordance with 
the driving mechanism of the liquid crystal display as 
explained in detail infra. The inner surface of the other 
substrate 11 is provided with a plurality of conductive 
pads 37b each constituting one pixel of the display in 
the same manner as the first embodiment Each con- 
ductive pad 37b is formed on the substrate together 
with two CMOS transistors, namely an N-type FET 51 
and a P-type FET 41 , whose sources 34b' and 34b re- 
spectively are electrically connected with the corre- 
sponding pad 37b. The drains of all the N-type CMOS 
FETs on the same row are connected with a VDD line 
48 of the row. The drains of all the P-type CMOS FETs 
on the same row are connected with a VSS line 49 of 
the row. The gates of ail the P-type and N-type CMOS 
FETs on the same column are connected with a VGG 
line of the column. The VSS and VDD lines are con- 
nected to a row driver 47 and supplied with control sig- 
nals therefrom. The VGG lines 52 are connected to a 
column driver 46 and supplied with control signals 
therefrom. 

Fig. 12 illustrates the operational action of each 
pixel in response to several control signals applied to 
the VDD line, the VSS line, the VGG line and the back 
electrode. When a positive voltage is applied to the 



VDD line and a negative-voltage to the VSS line, the 
liquid crystal voltage level at the pixel (i.e. the voltage 
level of th pad 37b) follows the voltage level at the 
VGG line and the liquid crystal voltage level is forcibly 

5 at ground if the VDD line and the VSS line are com- 
monly grounded. Accordingly, the voltage applied be- 
tween the liquid crystal at the pixel is calculated by 
subtracting the offset (bias) voltage applied to the 
back electrode from the liquid crystal voltage. 

10 An example illustrating the driving method in 

accordance with the fourth embodiment of the present 
invention will now be explained with reference to Figs. 
13 and 14. In Fig. 14, the 2 x 2 matrix of Fig. 11 is 
expanded to a 4 x 4 matrix. Their configurations, how- 

15 ever, are substantially identical except for the number 
of pixels employed. Fig. 1 3 illustrates the control sig- 
nals applied to the VDD lines, the VSS lines, the VGG 
lines and the back electrode. The VDD lines are called 
X 1a , Xaa. X 3a and from the first row to the fourth row 

20 in the diagram respectively whereas the VSS lines are 
called X 1b , X^,, X 3b and X^ in the same manner. The 
signals applied to the VSS lines are exactly the 
inverse of the signals applied to the VDD lines as 
shown in.Fig. 12 and therefore, the waveforms of the 

25 VSS lines are not illustrated. The VGG lines are called 
Y lf Y 2 , Y 3 and Y 4 from the left column to the right col- 
umn respectively. In this driving method, the control 
signals applied to the VDD and VSS lines are addres- 
sing signals which scan from the first row to the fourth 

30 row as shown in Fig. 1 3. Opposed pulses are applied 
to the VDD and VSS lines connected to one addres- 
sed row for a time interval equivalent to one quarter 
of the frame interval during which all the rows are 
sequentially scanned. The control signals applied to 

35 the VGG lines are data signals which determine the 
visual pattern appearing on the display. 

If the actuation of a pixel on the i-th row and the 
j-th column is desired, a positive pulse is applied to the 
VGG line of the j-th column at the time when the i-th 

40 row is addressed by applying opposed pulses to the 
VDD and VSS lines on the j-th row. In Fig. 1 3, the pixel 
on the first column and the first row (given symbol AA 
in Fig. 14) is actuated in the first quarter of the first 
frame interval between and T 2f the second frame 

45 interval between T 2 and T 3 and the fifth frame interval 
between T 5 and T 6 . The back electrode is biassed by 
a negative voltage between T } and T 6 . The VDD, VSS 
and VGG signal levels and the bias voltage are for 
example 20V, -20V, ±20V and ±10V respectively in 

50 the case when the optical characteristic of the liquid 
crystal is changed by a threshold voltage of 20V there- 
across. Accordingly, as understood from Fig. 12, a 
high voltage such as 30V is only applied to the selec- 
ted pixel (the AA pixel in the figure) while the voltage 

55 level applied to the other pixel does not exceed 10V. 
In the time interval T Q to T 8 in Fig. 13, the voltage 
levels on the VGG lines and the back electrode are 
inverted so that the polarity of the applied voltage on 
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each pixel is simply inverted. Accordingly, a low volt- 
age such as -30V is only applied to the selected pixel 
(the AA pixel in the figure) while the absolute voltage 
level applied to the other pixel does not exceed 10V. 
The pixel in the first column and the first row is 
actuated in the sixth frame between T 6 and T 7 . The 
inversion of polarity takes place repeatedly once per 
several frames to several tens of frames, so that the 
average voltage applied to the liquid crystal 
approaches to zero volts throughout its operation 
resulting in the effective prevention of deterioration of 
the liquid crystal. 

In accordance with this embodiment the voltage 
level of control signals applied to the liquid crystal 
layer can be easily adjusted to the threshold level of 
the liquid crystal layer by simply adjusting the bias 
voltage level applied to the back electrode. The 
employment of the bias voltage makes it possible to 
cancel out the effect of the electric field impressed on 
the liquid crystal by periodically changing the polarity 
of the bias voltage, resulting in the prevention of elec- 
trolysis of the liquid crystal material. 

Referring to Figs. 15 and 16, a liquid crystal dis- 
play and a method for driving the display in accord- 
ance with a fifth preferred embodiment of the present 
invention will now be described. In this embodiment, 
two pairs of complementary CMOS transistors 41-1 
with 51 -1 and 41-2 with 51-2 are connected in parallel 
to an electrode pad 36b for each pixel (as enclosed by 
the dashed line) at their source electrodes. These 
CMOS transistors are manufactured using the steps 
explained above in conjunction with the first embodi- 
ment except for the fact that the number of transistors 
is doubled. Similar elements are given similar numer- 
als as in the first embodiment. The electrical operation 
is substantially the same as that of the third embodi- 
ment. Accordingly, two identical individual switching 
elements are prepared corresponding to one pixel so 
that when the operation of one of them is faulty, the 
operation of the information display can be main- 
tained by eradicating the faulty element by laser radi- 
ation without prejudice to the operation of the 
remaining CMOS transistors. For this reason, the con- 
ductive transparent pads are formed so as not to 
cover these TFTs. 

An example illustrating the driving method in 
accordance with the third embodiment of the present 
invention will now be explained with reference to Fig. 
16. In Fig. 16, explanation is given for the operation 
of the display as shown in Fig. 15 but expanded in a 
4x4 matrix. The configuration, however, is substan- 
tially identical except for the number of pixels 
employed. Fig. 16 illustrates the control signals 
applied to the VDD lines, the VSS lines, the VGG lines 
and the back electrode in the same manner as the 
second embodiment In this driving method, the con- 
trol signals applied to the VGG lines are addressing 
signals which repeatedly scan from the first row to the 



fourth row as shown in Fig. 16. A negative or positive 
pulse is applied to the VGG line connected to an 
addressed column. The opposed control signals 
applied to the VDD and VSS lines are data signals 
5 which determine the visual pattern appearing on the 
display. 

If the actuation of a pixel on the i-th row and the 
j-th column is desired, opposed pulses are applied to 
the VDD and VSS lines of the i-th row at the time when 

10 the j-th column is addressed by applying a positive 
pulse to the VGG line on the j-th column. In Fig. 16, 
the pixel on the first column and the first row is 
actuated in the first frame interval between and T 2 , 
the second frame interval between T 2 and T 3 and the 

15 fjfth frame interval between T 5 and T 6 . The back elec- 
trode is biassed by a negative voltage between T t and 
T 6 . The VDD, VSS and VGG signal levels and the bias 
voltage are for example 20V, -20V, ±20V and ±1 0V re- 
spectively in the case when the optical characteristic 

20 of the liquid crystal is changed by a threshold voltage 
of 20V. Accordingly, as understood from Fig. 12, a 
high voltage such as 30V is only applied to the selec- 
ted pixel while the voltage level applied to the other 
pixel does not exceed 10V. In the time interval T 6 to 

25 T a in Fig. 16, the voltage levels on the VGG lines and 
the back electrode are inverted so that the polarity of 
the applied voltage on each pixel is simply inverted. 
Accordingly, a low voltage such as -30V is only 
applied to the selected pixel white the absolute volt- 

30 age level applied to the other pixel does not exceed 
10V. The pixel in the first column and the first row is 
actuated in the sixth frame between T 8 and T 7 . The 
inversion of polarity takes place repeatedly once per 
several frames to several tens of frames so that the 

35 average voltage applied to the liquid crystal 
approaches zero volts throughout its operation result- 
ing in the effective prevention of deterioration of the 
liquid crystal. 

Referring to Figs. 17 and 18, a sixth preferred 

40 embodiment of the present invention will now be illus- 
trated. Also in this embodiment, two pairs of com- 
plementary CMOS transistors 41-1 with 51-1 and 41-2 
with 51-2 are connected in parallel to an electrode pad 
37b for each pixel at their source electrodes. The elec- 

45 trade pad 37b, however, is separated into two por- 
tions 37b-1 and 37b-2 each independently connected 
to a corresponding one of the two CMOS transistors 
in the same manner as Fig. 10(B). These CMOS tran- 
sistors are manufactured using the steps explained 

so above in conjunction with the first embodiment except 
for the fact that the number of transistors is increased. 
Similar elements are given similar numerals as in the 
first embodiment. Then, each pixel comprises two 
individual sub-pixels. In accordance with this em bod i- 

55 ment, even if the operation of one of the sub-pixels is 
faulty, the other sub-pixel can support the operation 
of the pixel and therefore the possibility of deterior- 
ation in grey scale is substantially decreased. Also 
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even when the operational speed of one sub-pixel 
becomes low, the quality of the displayed image is not 
greatly deteriorated. 

An example illustrating the driving method in 
accordance with the sixth embodiment of the present 
invention will now be explained with reference to Fig. 
18. In Fig. 18. explanation is given for the operation 
of the display as shown in Fig. 17 but expanded in a 
4x4 matrix. The configuration, however, is substan- 
tially identical except for the number of pixels 
employed. Fig. 18 illustrates the control signals 
applied to the VDD lines, the VSS lines, the VGG lines 
and the back electrode in the same manner as the 
fourth embodiment. In this driving method, the control 
signals applied to the VDO and VSS lines are addres- 
sing signals which scan from the first row to the fourth 
row. as shown in Fig. 18. Opposed pulses are applied 
to the VDD and VSS lines connected to an addressed 
row. The control signals applied to the VGG lines are 
data signals which determine the visual pattern 
appearing on the display. In this embodiment, how- 
ever, control signals applied to the VGG lines are 
positive or negative poises whose pulse width is only 
one 16th of one frame interval (e.g. between T, and 
TJ. The pulse width of addressing signals applied to 
the VDD and VSS lines is on the other hand, one quar- 
ter of the frame interval in the same manner as the 
second embodiment The use of 1 6th division is suit- 
able for colour displays. 

If the actuation of a pixel on the i-th row and the 
j-th column is desired, a positive pulse is applied to the 
VGG line of the j-th column at the time when the i-th 
row is addressed by applying opposed pulses to the 
VDD and VSS lines on the i-th row. In Fig. 1 8, the pixel 
on the first column and the first row is actuated in the 
first frame interval between T-j and T 2 . The back elec- 
trode is biassed by a negative voltage between T 1 and 
T 3 . The VDD, VSS and VGG signal levels and the bias 
voltage are for example 20V, -20V, +20V and +1 0V re- 
spectively in the case when the optical characteristic 
of the liquid crystal is changed by a threshold voltage 
of 20V in the same manner as previously stated. 
Accordingly, as understood from Fig.18, a high volt- 
age such as 30V is only applied to the selected pixel 
while the voltage level applied to the other pixel does 
not exceed 10V. In the time interval T 3 to T 4 in Fig.18, 
the voltage levels on the VGG lines and the back elec- 
trode are inverted so that the polarity of the applied 
voltage on each pixel is simply inverted. Accordingly, 
a low voltage such as -30V is only applied to the selec- 
ted pixel while the absolute voltage level applied to 
the other pixel does not exceed 10V. The pixel in the 
first column and the first row is actuated in the third 
frame between T 3 and T 4 . The inversion of polarity 
takes place repeatedly once per several frames to 
several tens of frames so that the average voltage 
applied to th liquid crystal approaches zero volts 
throughout its operation resulting in the effective pre- 



vention of deterioration of the liquid crystal. 

The foregoing description of preferred embodi- 
ments has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or 
5 to limit the invention to the precise form described, 
and obviously many modifications and variations are 
possible without departure from the scope of the 
invention. 

The above embodiments are applications using 

10 CMOS technology for switching devices in liquid crys- 
tal displays. The TFT in accordance with the present 
invention, however, can be utilized in the form of a 
switching device comprising one TFT for driving one 
pixel. In this case, the equivalent circuit would be sub- 
is stantially the same as that illustrated in Fig.1 except 
that the resistance RSD would not be effective 
because the n-type TFT is contructed with a doped 
semiconductor film which is not sensitive, to incident 
light as explained above. The electrode pad of each 

20 pixel becomes electrically floating when not addres- 
sed in this modification so that the voltage level 
thereof may not always be fixed as compared with 
those utilizing CMOS technology. The manufacturing 
process thereof, however, is very simple without the 

25 need of light blocking means. 

The liquid crystal material used in the liquid crys- 
tal display may include other types of materials. For 
example, a suitable phase transition liquid crystal ma- 
terial can be prepared by adding an ion dopant into a 

30 nematic liquid crystal material of guest-host type or 
dielectric anisotropic type. The phase transition liquid 
crystal material changes its optical appearance from 
a transparent state to a cloudy state and vice versa 
through a phase transition between its nematic phase 

35 and its cholesteric phase in accordance with appli- 
cation of an electric field. Furthermore, in place of 
liquid crystals, suitable light influencing materials may 
also be utilized for the same purpose such as 
electrophoresis dispersions which are prepared by 

40 dispersing pigment particles in an organic liquid which 
has been colored by a dye. If a grey scale is desired, 
a plurality of frame intervals are given to one image 
to be displayed and the selected pixels are actuated 
in fewer frame intervals than given in accordance with 

45 the desired grey tone. 

The present invention can be applied to displays 
utilizing other types of semiconductor devices such as 
germanium or silicon/germanium (Si x Ge x ) semicon- 
ductor devices, in which case the thermal treatment 

so can be done at temperatures approximately 100°C 
lower than those used for silicon semiconductors in 
the above embodiments. The deposition of such a 
semiconductor can be carried out by sputtering in a 
high-energy hydrogen plasma caused by optical 

55 energy (shorter than 1000 nm wavelength) or by elec- 
tron cyclotron resonance (ECR). Instead of gases 
including hydrogen molecules, some hydrogen com- 
pounds can be used as the atmosphere for sputtering 
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as long as they do not introduce additional impurities. 
For example, monosiiane or disilane may be used for 
forming silicon semiconductor transistors. Although in 
the preferred embodiments oxide and semiconductor 
films are deposited respectively in separate apparat- 
uses, it is also possible to deposit other types of gate 
insulating films or gate electrodes in a common 
apparatus. During deposition of oxide films, a halogen 
such as fluorine may be used as a sputtering atmos- 
phere so as to introduce halogen atoms into the oxide 
films in order to effectively prevent alkali metal atoms 
from getting into the film from the glass substrate by 
virtue of . neutralization. The same effect can be 
expected by the introduction of phosphorus in place 
of a halogen. 

The present invention can be applied to other 
types of optical devices utilizing semiconductor 
devices such as image sensors, load elements or 
three-dimensional elements of monolithic integrated 
semiconductor devices. In the preferred embodi- 
ments field effect transistors are formed on a glass 
substrate. However, other substrates can be used 
instead. For example, thin-film field effect transistors 
may be formed on a silicon substrate in a liquid crystal 
display or an image sensor device. This silicon sub- 
strate may be an intrinsic silicon substrate, a p-type 
silicon substrate, an n-type silicon substrate, or a sili- 
con substrate in which MOSFETs, bipolar transistors, 
or the like are provided in integrated circuit form. An 
insulating layer is provided between such a substrate 
and the thin-film field effect transistors although such 
an insulating layer may be dispensed with in the case 
of an intrinsic silicon substrate. 

A gate electrode may be either a single layer elec- 
trode or a multi-layer electrode in a gate insulated field 
effect transistor in accordance with the present inven- 
tion. The single layer gate electrode may be a silicon 
electrode doped with phosphorus or an aluminium 
electrode. The multi-layer gate electrode may be a 
two-layer electrode which consists of a lower 
chromium layer and an upper aluminium layer formed 
thereon or a two-layer electrode which consists of a 
lower silicon layer doped with phosphorus and an 
upper metallic or metaJ silicide layer formed thereon. 
The aluminium single layer electrode and the upper 
aluminium layer can be formed by sputtering an alumi- 
nium target. The silicon single layer electrode and the 
lower silicon layer can be formed by low-pressure 
C VD or by sputtering a silicon target doped with phos- 
phorus. The lower chromium layer can be formed by 
sputtering a chromium target The metallic layer may 
be a molybdenum layer formed by sputtering a molyb- 
denum target, a wolfram layer formed by sputtering a 
wolfram target, a titanium layer formed by sputtering 
a titanium target, or an aluminium layer formed by 
sputtering an aluminium target The metal silicide 
layer may be a MoS^ layer formed by sputtering a 
MoSfe target, a WSi 2 layer formed by sputtering a 



WS12 target, or a TiSi 2 layer formed by sputtering a 
TiSi 2 target Although the production methods des- 
cribed infra include several Steps, the order of these 
steps can be changed. 

5 

Claims 

1. An electro-optical device comprising: 
10 a light influencing layer; 

an electrode located adjacent to said layer 
at one side of said layer in order to define a pixel 
in said layer; 

an n-channel field effect transistor connec- 
ts ted to said electrode at its source terminal; 

a p-channel field effect transistor connec- 
ted to said electrode at its source terminal; 

a first control line connected to the drain 
terminal of said n-channel field effect transistor; 
20 a second control line connected to the 

drain terminal of said p-channel field effect tran- 
sistor; 

a third control line connected to the gate 
terminals of said n-channel field effect transistor 
25 and said p-channel field effect transistor; and 

a control circuit for supplying control sig- 
nals to said first, second and third control lines. 

2. An electro-optical device as claimed in claim 1 
30 wherein said layer is a liquid crystal layer. 

3. An electro-optical device as claimed in claim 1 or 
2 wherein said electrode is provided in the form 
of a plurality of individual pads which are 

35 arranged in a matrix, each pad defining one indi- 

vidual pixel. 

4. An electro-optical device as claimed in claim 1 or 
2 or 3 further comprising a back electrode adja- 

40 cent to said layer and at the other side of said 

layer for enabling the application of a voltage be- 
tween said back electrode and said electrode 
pads. 

45 5, An electro-optical device as claimed in any pre- 
ceding claim wherein said electro-optical device 
is a display. 

6. A method of operating an electro-optical device 
50 comprising: a light influencing layer; an electrode 

pad located adjacent to said layer at one side of 
said layer in order to define a pixel in said layer, 
an n-channel field effect transistor connected to 
said electrode pad at its source terminal; a p- 
55 channel field effect transistor connected to said 

electrode pad at its source terminal; a first control 
line connected to the drain terminal of said n- 
channel field effect transistor; a second .control 
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line connected to the drain terminal of said p- 
channel field effect transistor; a third control line 
connected to the gate terminals of said n-channel 
field effect transistor and said p-channe! field 
effect transistor and a control circuit for supplying 
control signals to said first, second and third con- 
trol lines; said method comprising: 

supplying a first voltage level to the drain 
terminal of said n-channel field effect transistor 
through said first control line; 

supplying a second voltage level to the 
drain terminal of said p-channel field effect tran- 
sistor through said second control line, said sec- 
ond voltage level being lower than said first 
voltage level; and 

supplying a third voltage level to the gate 
terminals of said n-channel field effect transistor 
and said p-channel field effect transistor, said 
third voltage level being between said second 
voltage level with the deduction of the threshold 
voltage of said p-channel transistor and said first 
voltage level with the addition of the threshold 
voltage of said n-channel transistor. 

7. A method as claimed in claim 6 wherein said first 
voltage level is positive with respect to a ground 
level. 

8. A method as claimed in claim 6 wherein said sec- 
ond voltage level is negative with respect to a 
ground level. 

9. A method as claimed in claim 6 wherein said elec- 
trode is provided in the form of a plurality of indi- 
vidual pads which are arranged in a matrix; said 
n-channel field effect transistor and said p-chan- 
nel field effect transistor are provided individually 
as a pair of transistors for each pad; said first and 
second control lines are provided individually as 
a pair for each row; and said third control line is 
provided individually as one for each column; and 
wherein one row is addressed, during the driving 
of said electro-optical device, by supplying said 
first voltage level to the drain terminal of said n- 
channel field effect transistor through said first 
control line and supplying said second voltage 
level to the drain terminal of said p-channel field 
effect transistor through said second control line 
with respect to the addressed row; and data sig- 
nals are supplied to said third control line of each 
column in order to actuate selected pixels by sup- 
plying said third voltage level to the gate terminals 
of said n-channel field effect transistor and said p- 
channel field effect transistor of the selected 
pixels. 

10. A method as claimed in claim 6 wherein said elec- 
trode is provided in the form of a plurality of indi- 



vidual pads which are arranged in a matrix; said 
n-channel field effect transistor and said p-chan- 
nel field effect transistor are provided individually 
as a pair of transistors for each pad; said first and 

5 second control lines are provided individually as 

a pair for each row; and said third control line is 
provided individually as one for each column; and 
wherein one column is addressed, during the driv- 
ing of said electro-optical device, by supplying 

10 said third voltage level to the gate terminals of 

said n-channel field effect transistor and said p- 
channel field effect transistor of the addressed 
column; and data signals are supplied to said first 
and second control lines of each row in order to 

15 actuate selected pixels by supplying said first 

voltage level to the drain terminal of said n-chan- 
nel field effect transistor through said first control 
line and supplying said second voltage level to 
the drain terminal of said p-channel field effect 

20 transistor through said second control line with 

respect to the selected pixels. 

1 1 . A method as claimed in any of claims 6 to 1 0 whe- 
rein said electro-optical device is a display. 

25 

12. A method of driving an electro-optical device 
comprising: a light influencing layer; an electrode 
pad located adjacent to said layer at one side of 
said layer in order to define a pixel in said layer; 

30 an n-channel field effect transistor connected to 

said electrode pad at its source terminal; a p- 
channel field effect transistor connected to said 
electrode pad at its source terminal; a first control 
line connected to the drain terminal of said n- 

35 channel field effect transistor; a second control 

line connected to the drain terminal of said p- 
channel field effect transistor; a third control line 
connected to the gate terminals of said n-channel 
field effect transistor and said p-channel field 

40 effect transistor; and a control circuit for supplying 

control signals to said first, second and third con- 
trol lines, said method comprising: 

supplying a first voltage level tc the drain 
terminal of said n-channel field effect transistor 

45 through said first control line; 

supplying a second voltage level to the 
drain terminal of said p-channel field effect tran- 
sistor through said second control line, said sec- 
ond voltage level being lower than said first 

so voltage level; and 

supplying a third voltage level to the gate 
terminals of said n-channel field effect transistor 
and said p-channel field effect transistor. 

55 13. A method as claimed in claim 12 wherein said first 
voltage level is positive with respect to a ground 
level. 
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14. A method as claimed in claim 12 wherein said 
second voltage level is negative with respect to a 
ground level. 

15. A method as claimed in claim 12 or 13 or 14 whe- 
rein said electro-optical device is a display. 



16. A method as claimed in claim 12 wherein said 
electrode is provided in the form of a plurality of 
individual pads which are arranged in a matrix; 10 
said n-channel field effect transistor and said p- 
channel field effect transistor are provided indivi- 
dually as a pair of transistors for each pad; said 

first and second control line are provided individu- 
ally as a pair for each row; and said third control 15 
line is provided individually as one for each col- 
umn; and wherein one row is addressed, during 
the driving of said electro-optical device, by sup- 
plying said first voltage level to the drain terminal 
of said n-channel field effect transistor through 20 
said first control line and supplying said second 
voltage level to the drain terminal of said p-chan- 
nel field effect transistor through said second con- 
trol line with respect to the addressed row; and 
data signals are supplied to said third control line 25 
of each column in order to activate selected pixels 
by supplying said third voltage level to the gate 
terminals of said n-channel field effect transistor 
and said p-channel field effect transistor of the 
selected pixels. 30 

17. A method as claimed in claim 12 wherein said 
electrode is provided in the form of a plurality of 
individual pads which are arranged in a matrix; 

said n-channel field effect transistor and said p- 35 
channel field effect transistor are provided indivi- 
dually as a pair of transistors for each pad; said 
first and second control line are provided individu- 
ally as a pair for each row; and said third control 
line is provided individually as one for each col- 40 
umn; and wherein one column is addressed, dur- 
ing the driving of said electro-optical device, by 
supplying said third voltage level to the gate ter- 
minals of said n-channel field effect transistor and 
said p-channel field effect transistor of the 45 
addressed column; and data signals are supplied 
to said first and second control lines of each row 
in order to actuate selected pixels by supplying 
said first voltage level to the drain terminal of said 
n-channel field effect transistor through said first so 
control line and supplying said second voltage 
level to the drain terminal of said p-channel field 
effect transistor through said second control line 
with respect to the selected pixels. 
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